Tannins and other phenolics interfere with the interpretation of results from the detergent system of forage analysis. Leaves and apices from browse can contain up to 50% of their organic matter as phenolics including tannins that are soluble in aqueous acetone. Leaves and apices from browse that contain soluble proanthocyanidins (condensed tannins) also contain proanthocyanidhts that are insoluble in both aqueous acetone and neutral-detergent. The content of insoluble proanthocyanidins is positively correlated with neutral-detergent fiber (NDF) and fiber-bound nitrogen. Condensed tannins may bind protein and make it less soluble in neutral-detergent and increase the content of NDF. The behavior of phenolics and tannins in the detergent system of forage analysis is discussed in relationship to estimating the nutritive value of 17 East African browse species.
The detergent system of forage fiber analysis and the partitioning of cell wall from cell contents is widely used in determining the nutritive value of browse in the diets of mammalian herbivores (Van Soest 1967 Mould and Robbins 1981) . Soluble phenolies and tannins can lower nutritive value of forages by toxic effects on the animal or through enzyme inhibition and substrate binding in the digestive tract (Wong 1973 , Swain 1979 . Insoluble proanthocyanidins (condensed tannins) occur in the leaves of legumes and other plant species (Bate-Smith 1973 , 1975 but their effects on nutritive values have not been sufficiently studied. Insoluble proanthocyanidins may be involved in plant defense, associated with insoluble and enzyme resistant protein, and negatively associated with digestibility and palatability (Ford 1978 , Stafford and Cheng 1980 , Reed et al. 1982 ). An understanding of the relationship of tannins and other phenolics to the detergent system is essential to its use in predicting nutritive value of browse (Mould and Robbins 1981) .
Materials and Methods
Browse samples were collected over a 9-month period, including 1 dry season and 2 wet seasons, in Kenya during a study on the nutritional ecology of game and cattle (Reed 1983) . Leaves and apices from 17 species, 39 samples (Table I) , were air dried in a well-ventilated room. Due to low humidity drying occurred in 24 to 48 hours. The species sampled are important in the diets of wild and domestic ungulates.
Neutral-detergent fiber (NDF), acid-detergent fiber (ADF), acid-detergent lignin, hemicellulose, and cellulose were determined by the methods of Goering and Van Soest (1970) , omitting decahydronaphthalene and sodium sulfite in the NDF procedure (Van Soest and Robertson 1980) . Proanthocyanidins insoluble in neutral detergent were determined by methods described by BateSmith (1973) as modified by Reed et al. (1982) . Five milligrams of NDF were placed in a test tube, 5 ml of 5% concentrated HCl in a n-butanol were added and the tubes heated at 100°C for 1 hour. Absorbance was read at 550 nm. If proanthocyanidins were present in the NDF, the n-butanol-HCl solution turned red when heated. Results were expressed as Asa per gram of NDF. Nitrogen in the NDF (NDF-N) of Acacia species was determined by a macro-Kjeldahl procedure using NazS04 and CuSO4 in the digesAuthor is animal nutritionist,
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Manuscript accepted 9 May 1985. tion mix and collecting the distillate in a boric acid solution. NDF-N was determined only in the Acacia species because these samples contained similar levels of total N. Phenolics and tannins soluble in aqueous acetone were determined by a gravimetric procedure based on precipitation by ytterbium acetate (Reed et al. 1985) . All determinations were conducted in duplicate.
Results
Variation in the NDF, soluble phenolics, and insoluble proanthocyanidins was large ( in content of NDF between samples from the same part of the same species collected at different times of the year. Differences between browse species in content of NDF were related to differences in content of soluble phenolics and insoluble proanthocyanidins. Samples high in NDF were low to moderate in soluble phenolics and high in insoluble proanthocyanidins, such as Rhus natalensis and Albizia harveyii. Samples low in NDF were high in soluble phenolics and low in soluble proanthocyanidins, such as Acacia seyal, Acacia nilotica, and Pterolobium stellatum. These relationships led to a high negative correlation between soluble phenolics and NDF and a high positive correlation between soluble proanthocyanidins and NDF (Table 2 ) as shown in Figure 1 . The relationships were similar for ADF (Table 2) .
There was a low but significant negative correlation between soluble phenolics and insoluble proanthocyanidins ( Table 2 ). Correlations of soluble phenolics and insoluble proanthocyanidins with other fiber components had the same signs as correlations with NDF and ADF.
Correlations between soluble phenolics, insoluble proanthocyanidins, and other fiber components in Acacia species were similar to those in the overall analysis, except the correlation between ADFand insoluble proanthocyanidins was low and non-significant (Table 3) . NDF-N had a higher correlation with insoluble proanthocyanidins than with NDF. Correlations between NDF-N and hemicellulose and between hemicellulose and insoluble proanthocyanidins were high.
Discussion
In Acacia species, insoluble proanthocyanidins are associated with higher levels of detergent insoluble nitrogen which may result from formation of tannin-protein complexes. These complexes may be more soluble in acid detergent because insoluble proanthocyanidins form soluble anthocyanidins in acidic solutions (BateSmith 1975) . Red solutions of anthocyanidins form when refluxing browse that contain proanthocyanidins in acid detergent. Since hemicellulose is assumed to be the difference between NDF and ADF in the detergent system, this property of insoluble proanthocyanidins would also contribute to higher hemicellulose values.
The behavior of phenolics and tannins in the detergent system is highly variable. Browse with high levels of soluble phenolics (greater than 50% of the organic matter) have high levels of cell solubles. The assumption of high digestibility of cell solubles (Van Soest 1967) in these plants may be misleading and may confound methods for estimating nutritive value based on the summative equation. Large quantities of soluble phenolics may lead to an overestimation of energy value if absorbed and excreted in the urine. Soluble phenolics form indigestible protein and carbohydrate complexes in the digestive tract that increase apparent fiber and lignin excretion in the feces (Osbourn et al. 1971 ). Prediction of digestibility based on NDF, ADF, lignin or in vitro results need to be adjusted for the content of soluble phenolics. The NDF from browse with high levels of insoluble proanthocyanidins contains condensed tannins and tannin-protein complexes. The assumption that NDF represents cell wall carbohydrates and lignin in these plants is incorrect. An estimate of the amount of insoluble proanthocyanidin associated with NDF can be obtained by heating NDF in n-butanol-HCl and measuring absorbance. However, converting absorbance to an equivalent amount of proanthocyanidin is difficult because standards are not available and proanthocyanidins differ widely in their reactivity toward n-butanol-HCl (Swain 1979) .
Measurements of soluble phenolics and insoluble proanthocyanidins are essential to the determination of nutritive value because their presence in browse interferes with the detergent system of analysis. This problem needs much more research because the detergent system is widely used and has substantially contributed to understanding nutritional limitations in forages. Relationships among soluble phenolics, insoluble proanthocyanidins and fiber in browse species from the intermountain states (Arrembiu tridentata, Populus tremuloides, Prunus virginiana, Purshia tridentata, Salix brachycarpa. Salixplanifolia and Vaccinium spp.) were similar to those described for East African browse. These results will be reported in future publication.
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